ABSTRACT
, and another at about 2.2 years (Sakurai 1979; Haubold and Gerth 1990) (Fig 2b) . The probability of finding this peak by chance is given by P2 -12 exp(-12.4) = 4.9 x 10 -5 (2.2) where the factor 12 is the number of independent frequencies in the 894 to 897 nHz interval. We also find a peak at 830.6 nHz, with normalized power 4.3 (Fig. 2c) 
Hence, given four bins (corresponding to the four largest peaks), the chance that three of the bins will form a sequence with two equal separations of q bins each is
(2.5)
For n = 57 and q = 21, this yields p = 0.002. The Xs -system is obtained from the xt -system by rotating the coordinate frame through an angle _/2 with respect to the common y-axis, so that z s is directed towards the Earth and the x s-axis is anti-parallel to the z t -axis (i.e., the z e-axis).
THE DISTORTION FUNCTION
We denote by F(0, (_, t) the "distortion function" of the rotator. so that F(0, _, t) = f0 P0 + fl P1 + gl 1 C11 + hl 1 $11 + f2 P2 + g21 C21 + h21 $21 + g22 C22 +h22 $22"
In the x r frame that rotates with the rotator, the vector F will be constant. We therefore write That is to say, if an index were compiled from perfect observations over the visible hemisphere, we would be "blind" to spherical harmonics of second order.
We now consider the transformation from the x s -coordinate system to the x t -coordinate system. The x t -system is formed from the x s -system by a rotation by the angle -_/2 about the y axis. On using equation (A.16), we find that We see from § 3 that the x e-system is obtained from the x t -system by a rotation by the angle "ZE about the common z-axis, where _E is given by equation
Hence, on using equation (A.13), we find that uo,e= Uo, ul,e= 0, vll , = UI cos vZ, w11e = UI sin _Z, l
U2,e--(6.3)
On combining equations (4.8), (6.2) and (6.3), and noting equation (3.1) and (3.2), we obtain the following expression for the signal:
.3 U2M sinO(l -cosO) cos((o)R+2¢0E)t + k'R+ 2_ + ZM) 20 found good evidence for the harmonic triplet in the Greenwich spectrum, and strong evidence for one of these three peaks in the Zurich spectrum. This implies that N differs significantly from zero. The fact that the three peaks of the triplet in the Greenwich spectrum have comparable magnitudes suggests that @ is not small (and is not near to _ either). The fact that the triplet is stronger in the Greenwich spectrum than in the Zurich spectrum suggests that U 2 is larger for the Greenwich data compilation than for the Zurich data compilation. It will be possible to evaluate this conjecture when we complete our analysis (now in hand) of the sunspot position data in the Greenwich compilation.
However, we also need to understand the fact that the Zurich spectrum shows a strong peak at the fundamental. This cannot be attributed to our present model, since we infer from the absence of sidebands of the fundamental that M is small. A more realistic model would take account of the fact that sunspots are not formed uniformly over the envelope of the Sun, but only in certain latitude bands known as the "sunspot zones." We plan to examine this more complex model to see if it offers an interpretation of the presence of a strong fundamental and the apparent absence of sidebands of the fundamental.
It is notable that the periodicity determined by analysis of sunspot data appears to have a very narrow bandwidth. This is to be expected of a real rotator. However, as two referees have pointed out in some detail, there are severe theoretical problems to be faced in considering that, for instance, the radiative zone contains a "core" that rotates about an axis different from that of the radiative zone itself. Mestel and Weiss (1987) showed that, even if the magnetic axis is aligned with the rotation axis, there is unlikely to be any significant departure from isorotation in the Sun's radiative zone if that zone is permeated by a magnetic field of strength exceeding .03 G, that they consider to unrealistically low. In principle, differential rotation in the radiative zone could lead to magnetic decoupling of two or more regions, but this would in turn lead to high gradients of the angular velocity at the boundary layers, and these gradients would be expected to lead to shear instabilities (Zahn 1983) that would act in such a way as to restore isorotation. Moss, Mestel and Tayler (1990) have shown that, if the magnetic axis is not aligned with the rotation axis, the radiative region of a star should settle into a state of isorotation on a time scale that is quite short compared with its lifetime.
On the other hand, if the signal is due to a "virtual rotator" associated with a traveling-wave disturbance, one might be surprised that the frequency of the "clock"
is so sharply defined. However, a traveling-wave disturbance is likely to be long-lived only if it is maintained by an active mechanism -for instance, if it is the result of an
2O
instability.
In that case, depending on the nature of the instability, the resulting frequency could be sharply defined. 
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